The Cox regression model, which is widely used for the analysis of factor effects with censored survival data, makes the assumption of constant hazard ratio. Different methods should be used to deal with non-proportionality of hazards when this assumption is violated. In this study, we use the Extended Cox regression model where time dependent covariate terms with fixed functions of time are considered. Time to first birth for the ever married women after marriage, taken from BDHS 2011 women data is fitted using Extended Cox regression model due to the failure of existence of proportionality assumption. This model performs well as expected compared to Cox regression model.
I. Introduction
The Cox regression model relies on the proportional hazards assumption, implying that the factors investigated has a constant impact on the hazard over time. We emphasize the importance of this assumption and the misleading conclusions that can be inferred if it is violated and this is particularly essential in the presence of long follow-up periods.
The Cox regression model allows one to describe the survival time as a function of multiple factors related to the events (Cox, 1972) . This model relies on a fundamental assumption, the proportionality of the hazard ratio, implying that the covariates which we need to investigate has a constant impact on the hazard ratio over the time. If timedependent variables are included without appropriate modeling, the proportional hazard assumption is violated.
As a result, misleading effects of estimate can be derived. Checking the proportionality of the hazards should thus be an integral part of a survival analysis by a Cox regression model. Even though the Cox regression model has been widely used (more than 25000 citations since the publication of the original paper by Cox) recent publications (Ata, 2007; Bellera, 2010 ) suggest a growing interest in the quality of its applications. To test this non-proportional covariate we use the residuals measures like Schoenfeld residuals, whether the individual covariates pass the proportional hazard assumption and whether the model as a whole (global test) passes the assumption. Non-proportional hazards can arise if some covariate only affects survival up until sometime t or if the size of its effect changes over time. For this time varying covariates, Extended Cox regression model is used instead of the usual one. We illustrate our discussion with a study on time to first birth for ever-married women extracted from women data, BDHS 2011.
II. Mothodology

Sample Design
The survey of the 2011 BDHS is based on a two-stage stratified sample of households. In the first stage, 600 define only EAs were selected with probability proportional to the EA size listed by the Bangladesh Bureau of Statistics (BBS), with 207 clusters in urban areas and 393 in rural areas. In the second stage of sampling, a systematic sample of 30 households on average was selected per EA to provide statistically reliable estimates of key demographic and health variables for the country as a whole, for urban and rural areas separately, and for each of the seven divisions. With this design, the survey selected 18,000 residential households, which were expected to result in completed interviews with about 18,000 ever-married women.
Statistical Model
Cox regression model is used when the proportionality assumption regarding hazard holds. When non-proportional hazard occurs then we move our choice to Extended Cox regression model. Both of these are discussed below.
Cox Regression Model
The Cox regression model is the most common approach to model covariate effects on survival is the proposed by Cox, (1972 
The baseline hazard function 
which is constant over time, so the model is known as the proportional hazards model. Then the logarithm of hazard ratio can also be expressed as
From the Equation (2) 
where g(t) is some specified function of time chosen by the data analyst. The term Xg(t) is an interaction term between the covariate X and some function g(t) of time. For such a model the log hazard ratio is
This model allows the log hazard ratio (5) to change over time giving us greater flexibility than proportional hazards assumption in Equation (3). In addition, testing whether or not is significantly from zero allows us the opportunity to evaluate the proportional hazards assumption. Now the model in Equation (4) can be viewed as a proportional hazards model with two covariates, one is the time-independent covariate X and the other is the timedependent covariate Xg(t). We know that g(t) is defined as a function of time. It can be direct time t, log(t), Heaviside function or polynomial function etc. In Extended Cox regression model, the critical decision is the form that the functions g(t) should take. We use the forms of g(t) as log(t) and Heaviside (step) function. For Heaviside function at first we partitioning our time axis into K intervals by choosing (K-1) time points:
and we obtain the following Heaviside or indicator functions as + respectively which are graphically represented in Fig. 1 (b) (Kleinbaum, 2005) .
Like as the Cox regression model, parameters of the Extended Cox regression model can also be estimated by maximizing the partial likelihood of the model.
III. Data and Analysis Results
Data for Women of Bangladesh demographic and health Survey (BDHS 2011) have been used for this study. Data are taken from DHS website. We apply the methodology of b a Extended Cox regression for non-proportional hazard on the time to the first birth for the ever married women after marriage (Marriage to first birth interval) which is given in month. The data set we worked on excludes information of women who give their birth before marriage (Negative interval) or during the month of marriage (time is 0 month). So we get only 16025 ever married women who give their birth after marriage. Education, Religion, Economic Status, Age at Marriage, Age of Respondent, Respondent working status, Contraceptive use and Place of Resident are considered here as explanatory variables. Here Economic Status variable comes from wealth index in BDHS data by combining 'poorest' and 'poorer' as 'poor', 'middle' are same as 'middle' and 'richer' and 'richest' are combined as rich. This recoding is done to work with fewer categories and also for better understanding. Also we categorize the women of reproductive age (15-49) groups into three arbitrary group as 13-29 years old women, 29-39 years old women and 39-49 years old women to see the change pattern of the first birth result in different generations. These categories are termed as first generation, second generation and third generation, respectively.
Fitting Ordinary Cox Regression Model
Classical Cox regression model is fitted for this data to see the possible inaccuracy. The Cox regression model according to Equation (1) is:
We get the maximum likelihood estimates with the corresponding standard errors, hazard ratio for different covariate and p-value. In Table 4 
Checking for Proportional Hazard Assumption
Each and every technique for testing the non-proportionality has its advantages and limitations. This can be checked by many numerical or graphical methods. Graphical approach requires categorical variables and also they do not provide any formal diagnostic checking whereas numerical approach involves for example testing for time dependent covariates or to find the existence of a trend in the residuals. We use residual measures to investigate the departure from proportionality assumption. From the p-values reported in Table 1 we see that most of the variables showed non-proportionality character and also the global test suggested strong evidence of non-proportionality (p-value <0.0001). These numerical findings suggest a non-constant hazard ratio for these variables. So, for the violation of proportional hazard assumption we will use the Extended Cox regression model. ( ) ( ) ( After estimating the parameters shown in Table 4 we found that most of the parameters associated with the covariates are significant. The significant parameters are not only our importance. The important thing is that the covariates are time-dependent and they are significantly different in different time interval compare to reference time interval. This is clearly seen in hazard ratio comparison (Table 4) .
Extended Cox Regression Model Results
For the variable Education, the hazard is 42% higher for the primary educated women, 11% less for the secondary educated women and 76% less for the higher educated women, all are in comparison with the uneducated women in ( ) t g 1 time interval. The hazard is 15% higher for the primary educated women, 2% higher for the secondary educated women and 29% less for the higher educated women, compare to uneducated women in ( ) t g 2 time interval and so on. There is a trend seen in the hazard ratio in different time intervals. For primary educated people the hazard ratio is decreasing with the increasing waiting time. For higher educated women the hazard ratio is increasing with the increasing time. It can also be seen that in ( ) t g 1 time interval the hazard of primary educated women are higher and for higher educated women hazard is so much lower. But in
time interval totally reverse result is found.
IV. Comparison
From the results of Extended Cox regression model we see that the interaction parameters g ( Table 2 and Table 3 ) are significant that means the covariates are time dependent. For Heaviside function in Extended Cox regression model the hazard ratio are significantly different for different time interval but it is constant in Cox regression model (Table 4) . Table 5 . According to the AIC values, our study shows that Extended Cox regression model is found to be more appropriate model than the Cox regression model if the proportional hazards assumption does not hold.
V. Conclusion
Ignoring non-proportional hazards in Cox regression model can lead us completely wrong results. Using a Cox regression model without ensuring that the underlying assumptions are validated may result in negative implications on the estimates. The power of the tests is reduced for the covariates which are not satisfying the proportionality assumption, that is, we are less likely to conclude for a significant effect when there exist real one. If the assumption is violated Extended Cox regression model is appropriate because it is more flexible to handle time dependent variables. Extended Cox regression model is fitted well in our study as proportionality assumption fails to exist. In our study we only use ( ) t log and Heaviside function as the time function while applying for Extended Cox regression model but it can be some other function of time through a proper choice. From our study we find that various factors like education, economic status, age at marriage etc. that effect the time to first birth of women. So this is a big issue that time to first birth has some impact on the age at first birth or median age at first birth. More importantly our main goal was not to show the significant contributors on first birth for ever married women but also their different behavior over different time interval. We found that our covariates were time dependent and fitting Extended Cox regression model for non-proportional hazard, arises in such time dependent covariate situation performs better (fitted better) than traditional Cox regression model. 
